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(54) Title of the Invention: Method of manufacturing capacitor with ruthenium lower 

electrode 



Abstract: 

A Method of manufacturing a ruthenium lower electrode and a capacitor with the ruthenium 
lower electrode is disclosed. The adoption of the ruthenium lower electrode results in 
obtaining a large area by overcoming difficulties according to limitation on etching of a 
storage node oxide layer, and obtaining required static electricity capacity. The method of 
manufacturing a capacitor with the ruthenium lower electrode includes: forming an 
interlayer insulator on a semiconductor substrate; forming a contact hole, exposing a 
portion of the semiconductor substrate by etching the interlayer insulator; filling the contact 
hole with a storage node contact sequentially stacked by a plug and a barrier metal; 
depositing a first ruthenium layer with high density and a second ruthenium layer with 
pores on the interlayer insulator including the storage node contact, wherein the first and 
second ruthenium layers are used as a lower electrode; heat-treating the porous second 
ruthenium layer to be fused; forming a high dielectric layer on the fused second ruthenium 
layer; heat-treating the high-dielectric layer; and forming an upper electrode on the high 
dielectric layer. 
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O^Ol^iDflAl ire^^:?^^•'^ Mlf-UMetal-lrtsulator-Mptal) St^aH 2iD. 

□Al S5?Sra3Al S2&^4:e XILIS AlA. TiOr, HfO,, Zri, ai, BST. Ta.* §2] 

^St.^S(Pt -alloy) 101 SiCK 

S^^^ § ?E1IS(Ru)^ «wg(Pt)Ilf UlIHoHM -^^1 SSOl fe^CH^2:S ^l?4, ORAM S FeRAMiU ^ 
g DflSEl 4:XKae-ory device)(Hl AFBEI^ i^^Sa S USSSl XOSS ^SflS ^^^^ ?HfiHAIE|2J JHEQ 

012^ ^01 M!M ^HuEAIEiHJ tS^^^S.^ HaSH SiS #E11^(Ru)^ m7I^^S^'-(Chemical Vapor 
Deposition; CVD) S§ S! £Uh#gsf(AtoDic Layer Deposition; ALO) Sgg g^^B g^^^H 2iCf. 

£ la^ sen COS ^E11h e^^SI^B i;:^^ ^HnOAIEia 7H^^^:2^ EAIe.^ e^EOlIi, E 
Ib^ ^BJs ess EAlt.^ E^OIQK 

Su^^ :±:SE|X|kE ^^^Qil SEj^EI5QEi3(13)a^ HHEIOiQiim^^a, I4b)2j Ol^OiS 

ElAIkE 5^-i|OI ^^£111, ^SEIT^litE ^^A^m ^Eils ^¥2^(15)01 ^SEIDI, ^EilS 

S 122 g^^OilA-l^ DH^ t|gb'^J2 2g 4^ SiXI^, 3?:ra'^g(Step coverdge)OI 

•^f^m. 260^c--400^c SE^ X-f^OflAI g^^S CVO ^Eil^g Hf^ E^:^^U|^S0I 112 S^^^AIMQ 
XIE.^ ^'^01 Q^l(porous)5FO| ^^K-jEI g§A| ^^(agslorfierat jon)0| ^tl-El^ gXIPf SICKE IbBJ 
'15d ). ^01. §201 ^'-^hEI^ 3^, i^HSBAIEiSi i.^ii:Al?l g^i^^S] ^SOilAi 

^^So^CK OFeEi, ^MeOI §201 §^ HHEIOjQil&^CUa. I4b)2j ^•'^e(i4b) 

01 EEIU^^ :!i^Ji^^j:?l£J gflEI 3tl^raA1 i^I^r(0.O:?^ sr^H&ra HHEI0iDiim(14a, 14b)2| 4' 

SEIA!b:E^L^2|-^MStorasenode ouicfe)2J g^.^S oi^H, VOnr.i 0|§F2J n;<ilCH ^^Eti] 4:7^H}i]Ai Zm/'^ 



Oil [[fs oiag# ^m^n. s^Ei^ gaeif^ ^^Muf^L-ij ^tjti ^eas 51-^^3^21 ^-a 

oi§ti ^HiAiEi 7:112^ g^se ^iissf^m 3 ^^oi silk 



4^:71 '^-^S W^'oSl\ 2 ^^goj ?HnilA|E12i t\^r^^ §^ w^gs o|gQj ^^1, ^ai^eig 

ga^g Aizrara 4^:71 BlEa :71E^°:| ^'^g ingAIPl^ S^o^^ E^TIL ^^A^m. 

2f HHEIOimi&^BI ^AiS ^SS :^MEOTb:E S^Jte DHgAI^I^ B??!, 4^:?l i^SElAlhiE S^mq ^^^af 

'^:>\ ^'-im] §^^^^ssAi °'-§oi tistr ^Eiis^^sh ^igoi c^ssej ^-02 ^Eim^^g ^ 

e S-TtL 4^"'l CFSaej ?HI2 ^Eij^^^O ^flElSlOl §2-3 S-^Al^l^ BT^L :^^:7| §201 ws. 

OldK s «^S0| ^b-^^ 7|-SS0ffllA1 .S-^*-^ WAQ 7^\7\ ^ ^^§2^ 7ia^ A^^^g gOlbW] SAl 
E 2-? LHAI E Cd^ s «^soj ^AiDllOil cae ?HniiAIEH£j Zil^ l.^gw EA|e^ BSEOICK 
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;q^Ei2j :i:^/Effle!Q itmi^l^ ^MSIXlhcE S^©(£A| ^^Yu ^^£KQ. DgDO, :i^Sd|7^lii:E 

EI£fSLraiM£F0IE(24b)2J ^AiS ^IsS HHaOiMSQ ^^oK« ^MEIAIkES^^Se STSol W^M?} 
D. Di:?|A1, ^ga:^ii:E 5^1^50 xH^^ Sei^aSD^Il(23)2f BHEIOiM^r^J 5i© :?ZSSQ 
£S ^M£jA!!3:E5ei(SN'D)0|EH2 Sg^CK 

tte. ITHaCHODSQ ^MEIAIkE^^OD (HgAI?!^ SSI El 20Ei 3(23)0 ±^ 

Si^S9^^(22) ^Hh) ElEteB l-PVO( Ionized Physical Vapor Deposit icm)S E~ CVOgB OlgohOl 100 

A-^50OA2j §mi E± E^ KH: s^^iMAi 65or -^-eoox^i SES 30^2--' 180^ ee^ 

S:yEI(Rapld Thercal Anneal ir^)'dra O^B^ E^ C54&^Q EIEfe^E|AmiE(24a)Q ^glC}. 01 

EIH, EIEte&'EIAmiE(24a)^ 5EI^ a SQE1 3(23)2] fe'EIS^U ElEfeOI a^gei-OI S^SS 

t>^0| C49&^ E^ C54^^Q 5>^Q. QgOil, •g^^§^5t(^2) SSOO S^l-^ GIS^S ElEfeO 

Soa S17i§h3, >:SE|Alh:E S^B^ &3o| xOgUflD^AI E|EfH^^EiAfOIE(24a)S 5tftt #Z^^ 
95^(22) &^(H] EIEfsUOIMEI-OIE(24b)B S^-^^^CK EhSM, Mxl^ E^ m^^:?l7fl^^□K0^P)e B^B 
SZ^§9^n22)2| iSOl EElfe^Ull}]^ EIEteUGIMEK]|E(24b)S S^^aAIElD. 

U^£^ &2 HHEIOIlHlgMAJ, aEfe^EIA^01E(24a)^ ^^^T^ti ?i±E ^tl 9.°\S^J^(ohn\c 
contact)Q S«6-PI 2!0Ij3, EIEfSLK3IMEH3IE(24b)S gEI^£ISg£13(23)2^ dh^S^i^ 
o| g^A^3 %^7:m7\ S^iMfflEIOICdif fusion barrier)^ 5^g^CK 

Q1£S, liHEIDiDfl&^ a' SZ^§9^^(22) ^^Oi] m ^aH^H25a)-l S^^^I:K DIM. Xfll ^EflQ°^(25a) 
SOO^C --600^21 3^0i]A1 ^^^1^ CVO ^tilH E^ AID ^Efl^o Olg^^Q. Od^jCH, Till 
^Efl&°|(25a)£^ OI§£l^ CVD ^EilM E^ ALD ^Eils^ ltorr'-4torr2J ?,^^-dl-Di) Ai ^EilH^I^^-ilSh 
<:l^±(0.OB ^^^M9\ g^^h^QL OIUH d-^(0-)°l SifS 100sccni'-5C0sccniOI3. E^aAI^PI ?! 

ti- KH, y\±^ 100sccn)^2000sccmg Slf£S SSeFDI, ^E1!&a:?z-02J Sg?g(f lov? rate)^ 0.2s/^ 

-ig/s^j ^^le °7;it«:K 

Al UHSOil ^^^'01 xlgblD. 

E m\ EAI^ H^2^ ^OL XUl ^Elj^^KZEa) ^^CHl ;^!]2 ^Eils5«25b)l g-^^CK OlLIij. W 
^E1]H^^(25b)s M] ^EilH^^(25a)Il^ gEI ^^CH^£^ ^E(200'C -^aOO'OOi] Ai g^^^ CVD ^LDh 
OICK OliaCH, S12 ^Efm^''(25b)^ ltorr--4torr2] ?i-£?5HHlAi ^Eil^S^ j^jfih ^^^(0.^)e SlgAj?! § 
^*^h=EtL Oltffl L^:i(Or)ej SlfS l00a:cjii--500scctnGII!, iT^^g ^^SAI9I7I NH, 
lOOsccQ'-'COOOsccr.aj ^lf£^ SS^DI. ^£11^3^^1121 Mg?g(f lo** rate)S 0.29/@ lg/g2J 
e ^A|*^CK 

OlS^ &0L ^^§01 M\ ^EilH^^(25a) iM S^^El^ 7i]2 ^E1ls^^(25b)^ Ai^OilAi g^^-dES 

^^LHOtl ^1^:9} M^gOl SJ^flol-^ □^^'(porous) ^^I'OIDl, Iill.2 ?Ei]e^'(25a, 2Eb)S oj-^ 

trS, Sll>2 ^Ei]HS|(2£a. 25b)S ^UmB^m^^ mCph. Ru(HeCp)., Ru(EtCp),, 

Ru(tfiihd)o, Ru(f^hd)o S Ru(od)oS 01^013 3ee(HlAi sH-hg OI§^^a, ^GlfeS^till S^BAI 

a. 

E 2c0fl EAjsi Hm m\. QSS2J ;^1I2 ^E!ls^^(25b)g mM\l) UMK^m 

± ^^PIOilAI 450-^c -^650X2] SES 10^ ^120^^21 g^g:^^E|(Rdpid Thermal Anneal jng)tK:)i 

g3('X )-3 ^^^AIZIQ. geH^iaOilAi gItJ Hm WOl, J^iSOilAi ?Eil&2|S gSQI ^7\\ m^^ti 

Om eSCX')^ g4»-^2i SEI^EI^ bhJ^3^ HPSCrieta steble PobSilicon)G msm^ 

iioi ^mw mmm ss^^s gcHAigjQ. 

E 2aOil EAI& Um m\. §2CX-)0| ^^aa X112 ^E1i^e,^(25b) ^^011 3SDe,^(26)Q g^^^D. OjUii, 
3^S^^(26)s, ^ y^2^ gfOL E~ aA^©g£rgOOI§mO| g^^tMaA, HID., 

STO, 8ST, PZT E^ ZrO/B 0|gt.^Q. OflgjCH, 3S2!^^(26)£S TaAtl 0|g8F^ g^, Ta.O^ii serwi 

OieB ^^SIMS, SAi E^^^S^ibr^iO S^^SbULHS ^^^h7l SCHI &.J-^^SI>i]SB[10IM(fa(DC^),)§ 

EilOlMS e-^^^BiLHOil ^Seh3, ^^:ib(0,)S lOsccfn-- lOCOsccn^S Sg§^Ot ^^ireO^I gil 01 

MB SSoeAl?) Ta.^Q3B S^^ME!E^. 01 llil, g^^lSUI^ 0. Uorr--2torr2| gJ-^Q ^Alsffi, a^Ez^I :7| 
S(2i)2 300c --4500^ :'^SaEh ggg^S AiS(300^C^500*C)0i]/y Qa\ ^tiy^£^ E^ 
N,0 S^PIOllAi DEf^OraEIb-^U E^ UV/Ob ^^E^S^OI Ta.^OJLH Bim^ h^'Sm 7^7\t!t 3 
? (500 650c )01IA1 N, g^lPIDDAI ^(Furnace) E^ S^Sx^EI(RTA)S-^01 Ta.,0,2| Sa^Se ST 

3SD2,^(25)0i! i^gtrCK 

DS£g. 3^351(26)^^,^1)11 L.^^3^(27)B SS^^Q. OIUH, ^^^^3^(27)g 3SI}f]A1 g-=^^ra .^ISt!" 
^iO CVD ^Hh E^ ALD ^Ei:^i:> OlSm. 
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E 3° a a^«o| ^AlOflDll [[fS JHIAIEI^J HHSIOIDfll^^ 4^A!1E0IQ. 

MBS. eSOl ^^4SohW Sm, CCfehAI M2 ^B\'B^'{2Sb)2\ g2CX-)0| E^iSaQEE HHEIOiOlll^SJ ElEh 
&U0IMEK)IE(2<Jb)7h ESIUTJI S^Q. gj^EIAI BI1 ^EII&er(25a)OI t^±^ 

a. 

qii2i ?HiaAiEi xfli atioiE 5{g ?^^5^c^. 



Eg, ^MEIXIirHi+SheiSJ ijZHHl CH^f ^Sg * 2iCH Hgs! ?HnilA|E1M mS.V 4^ 21^ 

Qgi'°! ^112 ^aiH^fg lx^El5^ot mmm ^'iSM9\^ 
m ^%m^ JH5BA1E12J a^e. 

g^*J2. rail *^(HI 210) Al, 

Sill ^aiH5|-s 5C0-c~600-c2J SEOIIAI S^^m, i^^^l 7312 ^EH^Sj-s 20Crc~300*c°l SE(HIA| 

S^U- 3. Xlll *^ Jill 2 %m SiCHAI, 

t!^tf4. Jiill i.^0^| SiOlAi, 

S2g ^'^AIPI^ &?ll^, 

l±(N.O §i(H-)£F if±(0.O2| Si^ M?i:7|CHlAi 450*C ~650*C°J SES 10i~120igo^ =^ 
^:^1E|Sh^ 5hS 3HHIIAIE12J Sh^S^ S« 

g^tr 5. 715 sroii «^^§^5^^ m&ty^ 

4^71 Aizt^^o, ^--^i at-Ei ^is-^j ^^1 h:^Ai?i^ 5«-i)^M eTii; 

4^71 SajgOil ieO2hbHEI01(Hll^£J SA1S sjgE! ^gElAliE OHl!AI?l^ 

4^7! i^igEIXIhiE ^e-ilS fe^7| s^f§9^^ 4^CHI S^^^^^£A^ 2[10| SIgtr rail ^EllsSfaf 

etgOl D^goi rai2 ^E11&°IS 51S BTII; 

&^7I DSie! rai2?E1le5)-g gtlEISlCfl §21 ^^aA|9|^ e^ii; 

§201 ^^as rai2 ^EiiH^^^^oii ussete sssf^ bai; 
6f7i assei A^oi) Af^ji^e ^^[^ 
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O Smi= 5HiI8AIE12J MS. g^g. 
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